A navigation service that can provide positioning functionalities is benefitial to both customers and supermarkets. Although there are quite a number of indoor positioning algorithms, the accuracy of the existing approaches is not very satisfying. In this paper, we propose a hybrid approach that combines Weighted Centroid Localizatioin Algorithm, Dynamic Position Tracking Model and Location Approximation Algorithm based on Received Signal Strength. The evaluations show that the proposed approach can achieve better accuracy than the existing approaches, with approximately 20% to 40% improvement.
Introduction
The majority of us had experiences of having difficulties to locate which aisle the needed goods are stored in a big supermarket. Therefore, a navigation system that shows how and where to reach your targets will be very helpful for customers to save time in a supermarket. On the other hand, such a navigation system will help to improve sales in supermarkets and to reduce man-power costs. Therefore, there arises the requirements for accurately navigate customers to a corresponding location where goods for customers are stored.
From comparisons of various wireless transmission technologies in [?], we can see that ZigBee precisely fill low-rate wireless communication technology vacancies. The complexity of ZigBee system is far less than that of the Bluetooth system, much lower-power comsumption (days versus years) and low-cost are the advantages of ZigBee technology. Although it has a lower data transmission rate, but the transmission rate is still able to meet positioning needs for supermarkets. Generally RFID(Radio Frequency IDentification) technology can be used in indoor positioning, but passive RFID technology is suitable only for close data reading and writing, for a long distance active RFID positioning system as in a medium scale supermarket, the flexibility of the RDFI positoining system is greatly restricted, and the cost of the entire system is no longer cheap compared to Zigbee based systems. Therefore in this paper we will use ZigBee technology to realize indoor positioning.
Currently there are many researches that can provide the capabilities of indoor positioning which may faciliate the customer navigation for supermarkets. For example, using cellular infrastructure of GSM may help to realize indoor positoining [9] but it is found that this GSM based approach is not accurate [10] enough for navigation in a supermarket. Some researches are calculating the distance to the node basing on the time of arrival (TOA) of the signal transmission, where the time differences between transmission and reception are measured [1] . In this process, high accuracy of clocking between nodes should be synchronized in advance, which may not be realistic when there are a lot of nodes.
Received Signal Strength Indicators (RSSIs) are widely used for indoor positioning [13] . RSSI Fingerprinting, RSSI triangulation and trilateration are some of the representative approaches [8] . The RSSI Fingerprinting identifies specific positions with RSSI values [6] , which needs a location fingerprint database to compute the current location. This requires a lot of time to build the fingerprint database before running such a navigation system. RSSI triangulation, and trilateration associate RSSI with distance or angular trajectory between a receiver and known transmitter positions [13] [8].
Though there is quite some research using the RSSI triangulation and trilateration approaches [10] , the accuracy of the existing work is not very satisfying. For example, in [10], using dynamic position tracking model combined with a probability density map, an average error of 1.21m can be achieved for localizing a person. For quite some small supermarkets as in China, the aisle is around 1m. This means that we need an approach that can have better accuracy. Henceforth, in this paper, we present a hybrid approach that helps to achieve this goal, where we combine the Weighted Centroid Localization Algorithm (WCLA) [12] , Dynamic Position Tracking Model (DPTM) [10] , and Location Approximation Algorithm (LAA) (details are in section 2) based on Received Signal Strength. The evaluations show that we can achieve better accuracy with less than 1m for the average error while positioning.
In the following, we will first present the proposed hybrid indoor positioning approach used for supermarkets navigation. Then we show the design of the navigation system. After that, we will show the evaluations of the proposed approach, where the average localization error, the maximum localization error are measured. Then we will compare our work with the related work. Finally, we discuss the conclusions gained in the project and point out some future work.
A Hybrid Positioning Approach
The RSSI (calculated using equation 1) dynamic tracking algorithm takes into account the fact that movement of objects within a certain range is not arbitrary, there is a relationship between the current location and previous location, and then this algorithm uses a speed constant to predict the next location [10] . Using DPTM, we can get the smoothed RSSI. The smoothed RSSI can then be used by the Weighted Centroid Algorithm to calculate an approximate location.
